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Hccaedosanel ynpyeonpounocmuole, COopOyuonHole, mepmuYecKUe U O2HECMOtiKue Cé6olicM6a HAHOKOM- 
nNo3umO6 Ha OCHOGE AUHetiHOZO NOMUIMUTeHA HUZKOU NomHOCMU C MOHMMOpUAIOHUMOM, MOOUGquYyUpO- 
6aHHbIM Yembepmu4HoOU dbocdonuesou convo. Iloxazsano, umo Ouddy3ua, copbyua u nponuyaemocmb 
HQHOKOMNO3UMO6 3a6UCAM OM Muna MOHMMOpUAIONUMA U ezoO KOHYeHMpayuUu 6 NoNuMepe, a maKoice 
om npupoovbl nenempanma u cmenenu ezo mepmoouHamuyecKozo cpodcmea c nonumepom. Beedenue 0o 
3 mac% opeaHomoHMmMOpUIOHUMA NO36O1AeEM yeeUUUMb MepMocmabuAbHOCMb Ooee uem Ha 90°, nosoI- 
cumb KucjopooOneil undeKc 00 20 06% u modyib ynpyzocmu Ha 47% omHOCuMebHO 6a306020 noAUMEpa 
3a cuem HaHOocmpyKmypHou Mop@oadozeuu, d@opmupyemol 6 npoyecce cmewenuaA. 


HanosHeHHve TOMMepoB pa3JIH4HbIMH HalloJIHHTeJA- 
MH T103BOJIA€T B KAKOM-TO Mepe YCHJIMTb ero SKcIIIya- 
TaUMOHHbIe XapakTeplcTuKH. BBeyenue B MOuMMepbI 
TpyOoguciepcHbIx YacTHI HeopraHHyeckol MpHporbI 
(40-80 mac%) mpHBoZHT K TOBBILeHHIO (Ha 30-40%) 
MOY YyIIpyroctH, TepMuYecKHX HM OFrHecTOMKHXx 
CBOMCTB, B TO 2%e BpeMaA HaOsoqaeTca H OOpaTHBIit 
amekT CTOs BLICOKOTO HallosHeHHA — yxylWeHHe 
PeOOTH4eCKHX XapaKTePHCTHK, 4YTO HeTaTHBHO CKa- 
3bIBAeTCA Ha IIpolecce MepepaOoTKH: MIpHBOHT K yBe- 
JIMYCHHIO MACCBI HM TIJIOTHOCTH TOTOBOrO M37 euIHA, 10- 
Tepe MacTH4HOCTH HM OXpyI4HBaHHIo MaTepHalia. 


KommuiekcHoe ycuuieHve CBOMCTB MOsMMepHOro MatTe- 
puana (6e3 NoTepu ero XapaKTepHbIX KayecTB) IPHH- 
I{MMMaIbHO BO3MO2%KHO JIMINb Ip BBeeCHHH B MaTpH- 
lly WouMMepa HaHOpa3MepHBIX YaCTHIL pa3zH4HOH 
Ipupoybt WU (opMbl, YTO MpOAeMOHCTpupoBaHO Ha 
IIpHMepe TOJMMepHbIX HAHOKOMIIO3HTOB Ha OCHOBe 
TePMOMMIACTOB, HallOJIHCHHBIX CJIOMCTLIM AIIOMOCHIIN- 
KaTOM — MOHTMOopHIOHHuTOM (MMT) [1]. Brepssie 
TOJMMepHble HAaHOKOMMO3HTbI ObIWIM MOYYeHbI B 
1993 r. ANOHCKHMH MCCIIeOBaTeJIAMH Ha OCHOBE II0- 
IMamMuya-6 MeTOJOM NOJIMMepH3all[HOHHOro HariosiHe- 
Hua [2-4]. B 3Tom xe roy NosBHIOCb coobmeHue [5] 
O TOsyYCHHH HAHOKOMIMO3HTOB Yepe3 paciiaB NOu- 
Mepa IlyTeM paccsIOCHHA MOHTMOPHJJIOHUTA CO CTPyK- 
Typo, MOOOHON caH_BMYYy, B MaTpHIle WouuMepa 10 
VMHIMBMyaIbHbIx COeB (3KCPomMaluA). CooTBeTCT- 
BeHHO KIIOYeBON 3aqadeli pH co3qaHHH HaHOKOMIO- 
3HTOB OCTaeTCaA JOCTH2KeHHe MaKCHMalIbHOM CTenmeHu 
3kcouMalluH U paBHOMepHOrToO paciipeyemeHua TJI0- 


CKHX HaHoyacTH, (IlepHMeTp KOTOPBIX COCTAaBJIAeT 
200-400 HM, TommjMHa 1 HM) B MaTpHue mouMMepa. 
Tlomy4eHHble pe3yJIbTAaTBI JIerM B OCHOBY pa3BHTHA 
aHaJIOlM4HbIX MCCIeOBaHHM IpakTH4ecKH JIA BCex 
KPYHHOTOHH@KHBIX MOJMMepoB pa3IH4HOH MpHposbl 
WW xXuMuyecKoro cTpoenna [6-14]. 


IIpH dopmupopaHHH HaHOKOMIIO3HTOB Ha OCHOBe 
HeMOJLIPHBIX TOUMMepoB, HalpHMep MouMOepuHOR, 
BOSHHKAaIOT OlpeesIeHHbIe TpyHOCTH, CBA3AHHBbIe C 
TEPMOAMHAMHKOM COBMeCTHMOCTH MOJMMepa H MHHe- 
paula H CO CIPyKTYpHbIMH OCOOeCHHOCTAMH TOceAHeTo 
(Majloe MexcjIoeBoe paccTosHHe). BBeqeHue Tak Ha- 
3bIBAeMOrO KOMMaTHOMIM3aTOpa (COBMECTHTEeIIA), KO- 
TOpbii MpeyctraBiaeT coOoi WHOM NoMMMep uu 
TONMONePHH C TOUAPHbIMH (PYHKUMOHAJIBHbIMH pyti- 
namu [15-18], u MogMdukayua ruypodpusbHoro Ha- 
NOJHUTeIA AMMOHHMHEIMH cosaMu [19] (Tuma R4N’, 
rye xoTa Obl ofHH u3 R — AWHHHOUeHHBIM arndatu- 
yecKHH palMkall) MO3BONAIOT B OnpeseseHHOu cTe- 
TleHH OOUTECA >KelIaeMbIx pe3ylbTaToB [20-24]. 
JBwKylen cuov paccnoeHna uactuny MMT yo un- 
TMBULYaJIbHBIX CIOCB MOMHMO CABHTOBOTO TOA pu 
CMeLICHHH KOMMOHEHTOB ABJIACTCA HaMune chenupu- 
YeCKHX B3AHMMOeHCTBHM MaKpOMOsIeKy TMouMMepa 
Kak C THAPO@UWIbHBIMH CJIOAMM AJIIOMOCHJIMKaTa, Tak 
MH C MOJIeKyiamMH Mogu@uKaTopa. IIpH 9TOM 4eM 
BbIMe Hepa B3AHMOeHCTBHA, TEM MCHbIIe TepMO- 
WMHaMWYecKUX IpenmaATCTBH AA copmMupoBaHna 
HaHoctTpyKtyp [25-29]. 


Takum oOpa30M, MosyYeHHe MOJMMepHBIX MaTepHa- 
JIOB C BbICOKHMH MexaHHyeckuMH [30, 31], Tepmu4e- 
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cxumu [20] u orHectoikumu [32, 33] xapaxrepuctu- 
KaMH BO3MO2KHO IlyTeM HallOJIHCHHA HX MaJIbIM KOJIN- 
yecTBom (1-10 mac%) HaHouacTHL CHOMCTOTO asIHOMO- 
cuyiMKatTa. 


Vi3BecTHO, YTO TOUMSTHICH OOaqaeT HU3KOM Zedop- 
MalMOHHOM TeMIOCTONKOCTbIO MH MOABeEpxKeH OKHCIN- 
TeJIBHOMy TepMoctapeHHto. brictpoe BocrisiamMeHeHue 
TlouMMepa HW ero HHTCHCHBHOe TropeHHe NPHBORNT K 
pucky BO3HHKHOBeHHA MoxKapa. HanomHenve mosm- 
3THICHa MOHTMOPHJLIOHHTOM C TociezyIouuM dop- 
MHpOBaHHeM HaHOCTpyKTyp pa3IM4HOrO THIa T03B0- 
JIA€T B 3HAYMTEIBHOM Mepe MOBbICHTb TeIMJIO- H TEPMO- 
CTOHKOCTb, a TakKxKe 3aMeJIMTb ropeHve MaTepnalia. 
HaHoKOMM03HTEI B CHJIY yIYYWICHHBIX XapakKTepHCTHK 
MOTYT HaiiTH MpHMeHeHHe B KaveCTBe TEXHHYCCKHX, B 
TOM 4MCIe KOHCTpyKUMOHHOTO Ha3Ha4ueHHA, dJICKTPO- 
TCXHHYCCKHX MaTepHaloB, W34eIMH HapoAHoro M0- 
TpeOseHuA, HalpHMep B KayecTBe TpyO rops4ero BO- 
yocHaOxKeHHA (B3aMeH TOMMponMsena), Wetael aB- 
TOMOOHJIeH, CTPOHTEJIBHBIX MaTepHasos. 


Lembo HacTostei padoTbl ABJIAeTCA UCCIeqOBaHHe 
ocoOeHHocTei (opMHpoBaHHA HM B3aMMOCBA3H CTpyK- 
TYPHBIX lapaMeTPOB C YIIPyrONpOUHOCTHBIMH, TepMH- 
YeCKHMH, OapbepHEIMH WH OFHeCTOMKHMM CBOMCTBaMH 
HaHOKOMMO3HTOB Ha OCHOBe JIMHeEMHOrO NOMMSTHICHA 
HH3KOH TJIOTHOCTH C OpraHOPHJIbHEIM MOHTMOpHIIO- 
HHTOM. 


IKchepuMenTasbHaA 4acTb 


B paOote MCHOub30BaJIM JIMHeMHbIM NOUMSTHIeH HH3- 
Koii mmoTHocTH (II9), p = 0.920 rem’, mapxu F-0220 
(ypranckui ra3oxumMuMyeckHi kKomiiekc Pecry6- 
uuku Y30ekucTaH); HaTpHeBblii MOHTMOPHJUIOHHT 
(Na-MMT), doo, = 1.248 HM, eMKOCTb KaTHOHHOrO 00- 
mena 90 mr-3KB/100 r (Zhangjiakou Qinghe Chemical 
Factory, Kutait); KomnaTHOusIM3aTOp — MasIeHHu3Hpo- 
BaHHbIM MomMaTHIeH (IIQMA) Ha ocHoBe BBIlleyKa- 
3aHHOTO TouMeTHIeHa c 45 Mac% TpHBHTOrO MayieH- 
HOBOrO aHTuypuga (sabopaTopHE upogzyKt) [34]; 
MOHTMOpHJUIOHHT, MOZH@uUMpoBaHHEI P,P',P"-rpu- 
denun-P''-oxtageuuidocpoHui Opomuyzom 
[(C,sH37)(CeHs)3P] Br (P-MMT). Konnentpauusa mo- 
auduKkatopa B P-MMT coctassana 29.7 Mac% (s1a00- 
paTopHbiit mpogzyKt) [35]. 


CMelleHve KOMIOHECHTOB IIpoOBOAMIH Ha TBYXIIHeKO- 
BOM 3KcTpynepe HAAKE Reomex OS, PTW16 (L/D = 
= 40, D = 16 mM) upu 60 06-mun | B TemnepatypHoM 
uutepBane 185—210°C. Honmumepupie KoMMO3HTBI ObI- 
JIM TOJIYYCHI Ha OCHOBe ABYX MaTPHI — NosMeTHIeHAa 
MW TouMMep-lomMMepHon cmMecu IID/IISMA (B cootT- 


HoweHHH 80/20 mMac%). Cogepxxanue MMT Bo Bcex 
KOMIO3HUHAX COCTaBIAIO 3 Mac%. 


PeHITeHOCTpyKTYpHbIM aHasIM3 TOJIMMepHBIX KOMIO- 
3HTOB TIPOBOAHIM Ha peHTTeHOBCKOM HuppakToMeTpe 
Rigaku D/max 2400 c Cuk,-n3myyennem (A = 1.54056 
A), cKopocts 3amucu 2 rpag-mun'. Mopcosoruo 
KOMI03HTOB HCCieqoBaiHw Ha TpaHCMHCCHOHHOM 
3JIEKTPOHHOM Mukpockore Hitachi H-800 c ycxopsto- 
IMM HampsxKeHHem 100 KB. Ucnsiranua Ha pa3pyuie- 
Hue TPH pacTPKeHHH TpPOBOAMIM Ha pa3pbIBHOM Ma- 
tmuHe Instron 3365 co cKopocTb1o Aedopmaruu 50 
mu-muH | (ASTM D638). Cop6uvoHHble ucribiraHna 
IIpOBOAMIM B Tpex MeHeTpaHTax: OeH30Ie (CeH6), Au- 
xjlopMeTaHe (CH,Cl,) u mentaHe (C5H)2), 10 pe3yJIb- 
TaTaM UCIIbITaHui pacc4unTbiBaIH KoodPuuUMeHTHI 
muddy3uu, copouuH wu mpoHuuaemoctu (ITOCT 
12020). OrHectToiikocTb oOpa3l0B OWeHHBaJIn MeTO- 
OM KucOpogHoro HHAeKca (ASTM D2863) u no na- 
paMeTpy cCKopocTH pacipoctpanenua miameHu (UL 
94HB, ASTM D635). OOpa3upr aA COOTBeTCTBYIO- 
UIMX HCIIbITaHH B opMe JONAaTOK (TOMO 2 MM), 
TMCKOB (jHaMeTpom 10 mM, TommIMHOM 4 MM) u Opy- 
ckoB (125x10x0.4 MM) ObLIM OTIIMTBI 43 rpaHys Ha 
VMEDKeEKIMOHHOM MatiMHe HAAKE MiniJet II npu tem- 
nrepatype 200°C u qaBnennu 5 aTM. 


TepMocTaOHIbHOCTb oOpa3ll0B olpeyeuaIM MeTOOM 
TepMOrpaBuMeTpHu Ha TIpHOope Perkin Elmer, Pyris 
TGA B uHTepBase Temnepatyp 50—700°C (ckopocTs 
Harpesa 10 rpay-muH |) B arMociepax a30Ta H BOSIY- 
xa. W3mepeHve TeMilepaTypbl HM TemOTb! WiaBseHHa 
(WIM KpHCTaIM3ayHH) oOpa3sy0B MpoBosHIM Ha WHp- 
(pepeHUMasIbHOM CKaHMpyrousleM KaslopHMetpe Perkin 
Elmer, DSC 7 B uHtTepBane Temnepatyp 25—150°C 
(ckopocTb HarpeBa 20 rpay:MuH |) B pexkuMe HarpeB— 
OxJIaxKeHHe—HarpeB B aTMocdepe Boszyxa. 


Kokcopoe 4HCO onpeseiaIM WyTeM mMposuH3a 06- 
pa3u0B B MydesbHOH Meu B TeyeHHe 2 MMH TIpH 
tTemmiepatype 850°C. Iloka3aTemb TekyyecTH pacriiaBa 
(ITP) nomuMepos WH KOMIHO3HTOB Ha HX OCHOBE OII- 
pefenamm mpH temnepatype 190°C npu Harpy3Kax 
2.16 u 5.0 xr (ASTM D1238). 


OdcyxKAeHHe pe3y.IbTaTOB 


Vizpectuo [12], yro mMopdonorna KOMMO3HTa TOJIH- 
Mep/MOHTMOpHJLIOHHT HeOAHOposHa HW WpescTaByaer 
coOoH cMecb 4eTbIPexX THIOB CTpyKTyp, dopmupye- 
MBIX B IlOJIMMepHO MaTpuule (CTpykKTypa, He 3aTpoHy- 
Tad HHTepKalaleii, MHTepKasIMpoBaHHad, MHTepKasin- 
poOBaHHO-iOKyIMpoBaHHad HW 9KC(OMUpOBaHHas), 
TipeoOsayanve OAHOM M3 KOTOPBIX B KOHCYHOM cueTe 
olpeyeuaeT ero cBolicTBa. Kak ObiI0 OTMe4eHO, JBH- 





Puc. 1. PentreHorpaMMbI KOMMO3HTOB, CHATBIX Ha «OTpa- 
2KeHHe. 
7 —ntencuByocts, 20 — yron bpgrra (rpaq). 
1 —TI9/P-MMT, 2 — IIS/TISMA/P-MMT, 3 — IT9/Na-MMT, 
4 —TID/TMISMA/Na-MMT. 


*KylWeH CHO PopMupoBaHHA TIpeHMyLIeCTBeHHO HH- 
TepKaJIMpOBaHHOH M 9KCOMMUpOBaHHOM HaHOCTpyK- 
TYP ABJIAIOTCA OlIpeeJICHHbIe yCIOBHA — XHMMUeCKaA 
ipupowa MoyMd@uKaTopa HM ero KOHUeHTpalHaA B 
MMT, xumuyeckat Tpupoyza KomMaTHOuIM3aTOpa UH 
CTeleHb ero (PYHKUMOHAIbHOCTH, KOHUCHTpalHa Ha- 
NOJIHMTeIA HW COBMECTHTEIA B MOJMMepHO MaTpule, 
a TakoKe YCIOBHA (CKOpocTb cCABHra H BpeMaA) cMe- 
WeHHA. 


Ha puc. 1 npuBeyeHbl peHTreHorpaMMbI KOMMO3HTOB 
MW HaHOKOMMO3HTOB c 3 mMac% MMT yapyx TunoB c 
pa3zJIM4HOK NOUApHOCTHIO. BUZHO, 4TO KaK B OTCYTCT- 
BHe, TaK WH B IpHCyTCTBHM KOMMaTHOMIM3aTOpa MH- 


200 HM 
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TepkanauHH Na-MMT He mponcxognt, 0 4em cBHye- 
TeJIBCTBYeT CTalHoHapHEIi peduexc 001 mpu yrae 
mudpakyun 20 = 7.12° (d = 1.24 HM), TomoxKeHHe KO- 
TOporo HACHTHYHO MONO*KeHHIO pedsieKkca He CMe- 
mwaHHoro c nosMMepomM Na-MMT. 


Taio c MaKCHMyMOM cyIa00i MHTeHCHBHOCTH (C MeHb- 
lel MIOmWayqb1O MOA KpuBoi) mpu 4.64° (d = 1.90 HM) 
CBHCTEIBCTByeT O 3HAYHTebHOM 9KCoMAMH, B 
TO BpeMd KaK HMeeTCA HM HHTepKasMpoBaHHad OA 
P-MMT B HaHoxomnosute coctaBa IT3/TI9MA/P-MMT. 
TlonoxeHHe WaHHOrO MaKCHMyMa cpaBHMMO C TOJIO- 
2KCHHCM MaKCHMyMa JId MHKPOKOMMO3HTa cocTaBa 
TI3/P-MMT. MakcumyMbI JByX yKa3aHHbIxX COCTaBOB 
CMeICHBI B OOACTb MCHbINHX yrIoB paccesHua 20 
OTHOCHTeIbHO pedsieKca He CMelIaHHoro Cc MOsMMe- 
pom P-MMT (5.20°, d= 1.69 uM). 


JlaHHble PCHTTCHOCTPYKTYPHOTO aHaIH3a JOCTAaTOUHO 
XOPOO COrsacyloTca C pe3sybTaTaMH, MOyYeHHbIMU 
C TIOMOLIbIO TpPaHCMHCCHOHHOM 3JIEKTPOHHOM MUKpo- 
CKONMH. 


Ha puc. 2 mpeyctaBieHbI MUKpodotorpaduu Mopdo- 
JIOTHH KOMHO3HUHH C TBYMA THIIaMH MOHTMOpHJLIO- 
HUTA B IIpHCyTCTBHM KOMMaTHONIH3aTOpa — TIOMA. 


Ha muxpodotorpaduax (puc. 2, a) BUHbI KaK HHTep- 
KaJIMpOBaHHBle, TaK H 9KC(POUMMpOBaHHble YacTHIIbI 
P-MMT tTosumHow MeHee 5 HM B IIPOJOJIBHOM Ha- 
Tipapyenuu. Ha puc. 2, 6 uMeloTca KpylIHble arperater 
yactuy, Na-MMT, cocrosmMe 43 4acTHI pa3MepoM OT 
0.1 qo 1.0 MKm B Tonepe4dHoM HarpaBseHnn. 


BaoKHBIM acrieKTOM TIpH CO3qaHWH HAaHOKOMIO3HTOB 
ABIIACTCA YCHIICHHE YUpyrOmpOdHOCTHBIx CBOHMCTB 
MlouMMepa, KOTOPbIe B CBOHO O4epe yb ONpPeTeILIFOTCA 





0.2 MKM 


Puc. 2. Muxpodotorpadun Mopdosoruu KOMMO3uTOB Ha ocHoBe ITD/IISMA c P-MMT (a) usm Na-MMT (6). 
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Tadsmua 1 


YupyrompouHocTHie XapakTepHCTUKH NOJIMSTWJIeCHa UW KOMIIO3HTOB Ha Cro OCHOBE 


CoctaB &, % E, Mila 
NIC) 


113/P-MMT 


II3/Na-MMT 


TIS/TIS9MA 


TIS/TISMA/P-MMT 





TIS/TISMA/Na-MMT 





MopdosorMei HAaHOKOMIMO3HTAa, CTeIeHbIO KpHCTal- 
JIM4HOCTH UM OpHeHTallvei Namesei MOMM3TMIeHAa, MO- 
JIeKyJIApHOM Maccol M MOJIeKYyJIAPHO-MaccOBbIM pac- 
lipeyeseHveM MaTpH4HOrO MosMMepa, (u3H4eCKHMH U 
XHMMYCCKHMH B3aMMOeHCTBHAMH TWOJIMMepa C HaHO- 
yacTHuaMu HanonHuresa [15, 30, 32, 36, 37]. 


B taon. | npuBeqeHbl yupyronpouHocTHEle moKa3aTe- 
JIM KOMIO3HTOB: IPOYHOCTh MPH paCTAKCHHH Opacr, 
IPH Wpefese TEKYYECTH Oy, H IPH Pa3spyWICHHH Opasps 
OTHOCHTEJIbHOe YJVIMHeEHHe Tp pa3spylieHHH € HW MO- 
nyub lOura £. 


V3 jaHHpix tadm. 1 BH_HO, 4TO IA cocTaBa 
TIS/TISMA pas) CHWKaeTCA B 1.8 pa3a OTHOCHTEJIBHO 
YMCXOAHOFO NOUMITHIeHa, IPH 9TOM MPOMCXOAUT He- 
3HauHTeIbHOe yBemmueHne FE (Ha 22%) Wu CHMKeHHe € 
B 21 pa3. OqHako Toka3aTesIb pa3pyliarollero Harips- 
%KCHHA MOJMMep-lOHMepHol CMecH He ycTymaeT M0- 
Ka3aTesHO JIA MOMMSTHIeHA. 


IIpounoctuple cBolictBa oOpa3suoB Ne 2 u 3 c Na- 
MMT u P-MMT te ctTosb cylecTBeHHO OT/IMUAaIOTCA 
OT CBOMCTB Oa30Boro TMosMMepa, B TO BpeMaA Kak 
MOJyJIb yIpyrocTtu ux BospactaeT Ha 5 u 15% cooT- 
BeTCTBeHHO. 


IIpucyterBve KOMMaTHONIM3aTOpa B MaTpHIe Hero- 
JIAPHOTO osIMMepa CnocoOcTByeT ayre3HOHHbIM B3aH- 
MOJleHCTBHAM Me2%KJty HECOBMCCTHMBIMH JIMcrepcHon 
WM WucnepcnoHHon (:ba3samu. Hampumep, 10 cpaBHeHH1o 
co cmecbi0 IIO/IISMA opa3) Kommo3HIHH Ne 6 yBesn- 
yquBaetca Ha 33%. 


OTHOCHTeJIbHO JIYSIIMMH MoKa3aTesliMu XapakTepH3y- 
eTca HaHoKkommo3HT Ne 5 c P-MMT, pa3pyutaroniee 

















Hallp@kKeHHe KOTOpOrO yBeMuMBaeTcA B 1.5 pa3a 110 
cpaBHeHuio c coctapoM IID/IISMA u He yctymaeT 
10 MOKa3aTesKO MpOUHOCTH HeHalOJIHCHHOMY TOJIH- 
oTueHy. BmMecte c Tem & ysenmunpaetca Ha 21% 
OTHOCHTeJIbHO HeHallouwHeHHoro coctaBa IID/IIMMA 
wim Ha 47% OTHOCHTeIbHO HeHamOJIHeHHOTO MOJH- 
STHJICHa HW ABJIACTCA MAKCHMAJIBHBIM 3Ha4eHHeM cpeyu 
BCeX COCTaBOB. 3Ha4eHHe € JAHHOTO COCTaBa OTHOCH- 
TCJIbHO € TOUMMep-louuMepHot cmecn TID/TISMA 
TipakTH¥ecKH He W3MeHAeTCA, HO CHWKaeTCA B 8 pa3 
OTHOCHTeCJIbHO HeHANOJHCHHOTO MOUMOTHIeHa, TO 
CBHJICTENIBCTBYe€T O TMOTepe HaHOKOMMO3HTOM 9JIa- 
CTHYHOCTH. 


OTHOCHTeJIbHO UCXOZHOTO TONMMepa HAHOKOMMO3HTBI 
XapakTepH3yIOTCA 3HAYHTCIbHO HY3KOM TpoOHHaemMo- 
CTbIO 110 OTHOINCHHEO K ra3aM, TAKUM Kak CO>, N>, O> 
[38-40]. OmHako KOHJeHCHpOBaHHOe cocTosHHe Te- 
HeTpaHta (copOata) H ero xuMM4eCKad Mpupona He- 
CKOJIbKO MHBIM OOpa30M BJIMAIOT Ha COpOIMHOHHbIe 
CBOMCTBa HAHOKOMIIO3HTOB. 


Ha puc. 3 mpesctTaBieHbl w30TepMbI du3H4ecKoH 
copouuu neHtaHa (C5H)2), quxmopmMeraHa (CH,Cl,) u 
OeH3071a (CeH¢) NONMITHIICHOM MH KOMIIO3MTaMH Ha ero 
ocHose. U3MeHeHHa MapaMeTpoB CopOlHu MOTryT OBIT 
BBI3BaHbI YaCTHYHOM WOTepeli KpHcTasIMYHOCTH M0- 
JIMMepOM, KOHI[eHTpallveli asIHOMOCHJIMKaTa HM ero XH- 
MH4eCKOM NpUposoOH, cTelleHbIO 9Kc(oMalHU U OpH- 
eHTallvell cyloeB B MaTpHle WomMMepa, XHMMYecKOl 
HIpHpozou MoszMduKaTopa U WeHeTpaHta, a TakKe crie- 
u@u4ecKMMU B3aMMOJeHCTBHAMU THIMa MeHeTpaHT— 
aJIFOMOCHJINKaT, MeHeTpaHT—OpraHOMosMduKartop. 


TeHyeHuHvaA W3MeHeHHA MapaMeTpos zuddy3uu D, 
copouun S uv mpoHuuaemoctu P obpa30B B 3aBHCH- 
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22 44 66 88 110 
7103 





38 76 


114 152 190 
7103 


Puc. 3. U30repmpi copounu S (%) KOMNO3HTOB JIA Tpex MeHeTpaHToB: CHCl (a), CsHi2 (6), CoH. (8). 
T— Bpema (c). 
1 -ID9, 2-TIS/ISMA, 3 — TI9/Na-MMT, 4 — TI9/P-MMT, 5 — TIS/TISMA/Na-MMT, 6 — TI9/TISMA/P-MMT. 


MOCTH OT THIa WeHeTpaHta, Tuna MMT wu nosapHoctu 
HMOJHMepoB OTpaxeHa B TaOl. 2. PaccmMoTpumM Tpu 
B3aMMOCBA3aHHbIX (PU3H4eECKUX ABJICHHA. 


Aludqdys3ua. B tommmepax quddby3ua rasa WIM KU TKO- 
CTH NpOMcXOAMT MO Mpw4MHe TemIoOBOrO WBMWKeHHA 
CefMCHTOB MaKpOMOseKyl updy3HOHHOM cpenpl. 
IIpu 3TOM MpoNcxOANT MepeHoc BelllecTBa 43 OONacTH 
BBICOKOM KOHIeHTpallun B OOaCTh HU3KOli H Mepexoy 
CHCTeMBI M3 HepaBHOBeCHOli B paBHoBecuyto. JIudbdy- 
3HA BEII[eCTBa WpoTeKaeT 3a CueT CBOOOTHOrO OObeMa 
(M@XKMOJICKYIAPHbIe MPOMEXKYTKH pa3sIM4HON opMEr 
M pa3Mepos) B HOJIMMepe, T.e. C MepHowqMueckuM Mepe- 
MelljeHHem fuddyHaupyroulMx MosIeKy U3 OHOTO 
MOJOKCHUA PAaBHOBECHA B Apyroe WIM U3 OAHOTO OOb- 
ema B Apyron [41]. 


JIia ucxoqHoro TosMMepa UM MOMMep-louwMMepHon 
cmecu (oOpa3upr Ne | u 4) 3aBucumocts D or Tuma 
TleHeTpaHta (amM@atTwyecknit, ranonganupatuyeckuit 
HW apomaTwyeckHit) u3MeHseTca B pany CH2Ch > 


> CsHi2 > CoHo. Ilo cpaBHenuio c H“cxXOZHBIM TosH- 
9THJICHOM HalMune PocdonHeBoro MogupuKaTopa B 
P-MMT cmroco6OctByeT HekoTOpomy yBemM4eHuio D, 
ocoOeHHo 10 OTHOMWeHHIO K CH2Cl, (obpa3er Ne 2). B 
ciyyae coctapa c Na-MMT xkoodduynent D Heckolb- 
KO cHwxKaetTca Wa CsHj. HM yBeMYMBaeTcA JIA 
CH2Cl u CoH m0 cpaBHeHuo C MHKPOKOMM03HTOM 
Ne 2. 


B cpapHenun c coctaBoM IID/II9MA cyulecTBeHHBIXx 
vw3MeHeHuit D ya HaHoKOMMo3uTa Ne 5 He mpoucxo- 
mut. Kak 4 ooknfaocb, Id MHKpoKomno3utTa Ne 6 c 
Na-MMT 3nHaueHHe Mapametpa znddy3uu Ana CsH)2 
wu CH,Cl, Heckombko MeHbile 3HaueHHa D aia CoH. 


Cop6yua. Kak BuHO 43 WaHHBIx Tab. 2, Kosppuyn- 
CHT COpOUMM NeHeTpaHTOB JIA MOMITMIeCHa YMCHB- 
maetca B pay CHCl, > CsHo > CsH12. Ecnm no cpas- 
HeHHIO C TMOJIMSTHIICHOM B cily4ae P-MMT copouna 
m0 Cs6H¢ MakcuMalIbHa, TO B Cilyyae KOMMO3HTa C 
Na-MMT, HaoOopoT, MHHMMasIbHa, KaK VM B OTHOIIIe- 
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Kosddunnextst mudoy3un, copouHu MW MpoOHuaeMocry JIA WOTMMepa UW MOJIMMeCpHBIX KOMIIO3HTOB 





No D107, cm’-¢! | s10% ren? | P:10 8, em?-r lc !-em > 
1 II3 3.73 1.99 7.40 9.83 8.95 2.76 1.79 
2 T13/P-MMT ; : 1.95 7.97 7.16 1.82 
3 TI3/Na-MMT : ; 2.17 6.61 1.79 
4 TIS/IISMA : : 2.49 7.32 2.41 
5 TIS/TISMA/P-MMT : . 2.11 7.45 1.84 
6 TIS9/TISMA/Na-MMT 5.89 : : : . 2.50 


HHH OCTaIbHBIX copOaTos. B ciryyae nmomMMepHor 
cmMecu copomua mo Ce6Hs MakcuMasbHa. OWHaKO IIA 
Komno3uuMH Ne 5 copouna no CH,Cl, spnaetca Mak- 
CHMaJIbHOH, B Cllyuae KoMNO3HIHu Ne 6 copouna Mu- 
HMMalIbHa 110 OTHOMCHHIO K Cs5H)p. 


Jlorw4Ho, 4TO Cc yBeIM4eHHeM JOIN aIHOMOCHIMKaTa B 
KOMIIO03HTe COpOuMaA THApOPWIbHBIX TeHeTpaHToOB 
OyqeT YMeHbIUAaTbCA B Cllyyae Trugzpomobuoro uM 
opraHo@usIbHOTO HanomHUTesa (P-MMT) wim yBenu- 
YMBaTBCA B cily4ae THApOPWIbHOTO HanowHHTeIA 
(Na-MMT). Otmetum, 4To cogepxaHne Na-MMT 
cocTaBideT 3 Mac%, B TO BPeMA KaK Oa30BOTF0 aJIIOMO- 
cuymMkata B P-MMT — TombKo oxom0 2 Mac% (Tak Kak 
OCTaJIbHadt 4aCTb MaCCbI IIpPHXOAMTCA Ha MOZMduKa- 


TOP). 


IIponuyaemocms. YBeiM4eHve MpOHMNaeMocTH IIA 
NoWM3sTHIeHa HaOmOyaeTcA B PAY MeHeTpaHTOB 
CH,Cl, > CsH)2 > CsHo. Takaa TeHdeHIHa CoxpaHsert- 
CA Kak [Jif MAKPOKOMIIO03HTOB Ne 2 u 3 Ha OCHOBe T0- 
JIM9TMIIeHa, Tak HW Ia HaHOKOMHO3HTa No 5 Ha OCHOBe 
TlosIMMep-NONMMepHow cMecu. OWHaKO cylIleCcTBeHHOM 
Pa3HHIbI B 3HayeHHAX P JWI KOMMO3HTOB HM HeHarIol- 
HeHHOPO HouwMMepa He HaOOaeTcs. 


Bo3MO2KHO, BCJIEACTBHe MasIOrO YpOBHA HallouIHeHHA 
3aBHCHMOCTb COpOWMOHHBIX CBOMCTB OT CTpyKTypbI 
HaHOKOMI03HTa B YCJIOBHAX HCIIbITaHHM %KUAKOCTb— 
TBepyoe Teo BbIPaxkKeHa cabo. OAHaKO MOJyYeHHEIe 
Pe3YJbTaTbI MO3BOJIAIOT 3aKJIIOUMTb, YTO copouua, 
aupdy3va MU MpOHMIaeMOCcTb 2%KMPHBIX TeHeTpaHTOB 
CHWKAaIOTCA B IIpHCyTCTBHH HeEKOTOpOH ou MomAp- 
HOrO areHTa (KOMMaTHOMIM3aTOpa WIM HallouHHTeJIA) 





B KOMIO3HTe Ha OCHOBE MOJIMSTHIeHa; C yBeJIM4eHHeM 
nom MMT B tommMepe copOuMOHHEIe Mpoleccsl 3a- 
TOPM@KUBAIOTCA BCIIEACTBHe OapbepHoro addexta. 
BecmeqcTBve He3Ha4MTeJIbHbIX H3MeCHeEHHM JIMHeCMHBIX 
pa3Mepos oOpa3ila H COriacHo COpOWMOHHBIM JaHHbIM 
HCHOJIb30BaHHbIe MeHETPaHTbI BEI3bIBAIOT OrPaHHdeH- 
Hoe HaOyxaHMve Kak TlOJIMMepa, TaK HM KOMIMO3HTOB Ha 
eTO OCHOBE. 


Vi3pecTHo, 4ToO Ha Mpolecchl KpucTasWIM3alHu UW peK- 
PHcTasWIM3alHu MOUMMepa OKa3bIBaIOT BIIMAHHe TIpH- 
pola, pasmep, PopMa HM KOHUeHTpaluaA WacTHL Hawlos- 
Hutesia. Ha puc. 4, a WpescTaBJIeHbI 9HOTepMBI T1aB- 
menua II wu WOMA. Makcumympl maBienua yA 
ykKa3aHHbIX MOUMMepoB mpHxogatca Ha 117.6 u 
106.3°C coorsetcTBeHHo. JlonosHuTeIbHad aMopdu- 
3auua IISMA, BeposTHo, o6ycioBsieHa cTepHuecKHM 
(bakTopom: Hasuuue B IISMA rpynm masenHoBoro 
aH pHa He MO3BONAeT WeMAM YKIaQbIBAaTbCA B KpH- 
CTaWIMYeCKY!IO pelleTKy, MOAOOHYIO pellieTKe TMosIH- 
3THMIeHa, YTO MPHBOAMT K «pa3pbIXJICHHIO»> Ha{MosIe- 
KYJIMpHOM CIpyKTypbl MW Kak CJIeQCTBHe K CHWKeHHIO 
TeMIlepatypbl miaBienua. IloqrBepxxqeHHeM 3TOMY 
ABIIACTCA YMCHBINCHHe CTeMeHH KpPHCTaJWIM4HOCTH 
(AyD — AYTOMA = 12.1%) wu cmMemleHue sHAOTep- 
Muyeckoro MKa nyaBieHua IISMA B oOmacTb MeHE- 
wImMx Temtlepatyp (7,119 — T,, SMA = 11.3°C). 


Kpupasa miaBsieHua OsMMep-MOsMMepHon CcMecH xa- 
pakTepH3yeTca JBYMA CaOOBbIpPaxKeHHBIMH MaKCHMy- 
MaMH (pic. 4, @), IPOABIIAIONIMMMcaA B OOaCTH 4yTb 
OouIee BBICOKHX TemIlepaTyp (puc. 4, TaOm. 3). He- 
CMOTPA Ha CpaBHHTeJIbHO OMHaKoByro c IID cTeneHb 
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60 80 100 120 140 T 


Puc. 4. Kpuspie [CK napsenna (a) u KpucTasiM3alMu (6) MOuMMeposB HM MOMMepHbIX KOMIIO3HTOB. 
T — Temmepatypa (°C). 
1-19, 2-TISMA, 3 — TIS/TISMA, 4 — IIS9/Na-MMT, 5 — TI9/P-MMT, 6 — TIS/IISMA/Na-MMT, 7 — TIS/TISMA/P-MMT. 


Kpuctasmm4Hoctn, B coctape IHI9/MOMA xpuctamios 
COBepIecHHOH (OpMbI, T10-BHAMMOMy, 3HaYHTeJIbHO 
MeHBLIEe. 


B T1000%KeHHAX SHAOTEPMH4eCKHX TIMKOB M@2%KLY CO- 
cTaBaMH Ha OcHOBe losMaTHIeHa c 3 Mac% Na-MMT 
wu P-MMT cyllecTBeHHOM pa3HHIbI HeT, OHaKO 
oOpaser, Ne 4 xapakTepH3yeTCA OTHOCHTeJIbHO BBICO- 
KuMu 3HaueHHaMH AH, (122.90 Jpx-r') u y (43.2%) 
110 CpaBHeHHIO C HeHaliOJIHCHHBIM TOJIMMepoM Hi 06- 
pa31joM Ne 6 (puc. 4, Tao. 3). 


Ha xpuserx CK muxpoxomno3utos Ne 4 u 6 Bplye- 
JIMFOTCA [BA MAKCHMYMa (OTMETHM, YTO B 9TOM Cryyae 
B CBA3H C TepeKpucTasiM3alvei NepBblli 9Tal Harpe- 
Ba COMpoBOxKaeTcA OOpas0BaHHeM eCAMHHYHOTO Mak- 


CHMyMa, BTOpoi — oOpa30BaHHem jyOsreTa). Maxcu- 
MyM B oOmactu 105—-115°C, BepoaTHo, obycmOBIeH 
TWIaBJICHHeM MeHee COBEPLICHHBIX KPHCTaJWIHTOB, Kak 
B Clly¥ae, HalpuMep, MouMMep-nouHMepHoH cMecH. 
Bropoti MakcumyM B oOsactu 115—-125°C cBa3aH c 
TIlaBJICHHeM KPHCTaJIIMTOB TOUMSTHIeHa Ooee HJe- 
aJIbHOM (opMBI U cTpyKTypbi [42]. [pu strom yacTuuBl 
MMT morytT urpaTb poslb 3apoyblllet KpucTaum3a- 
UMM HM, He BIIMAA Ha OOWy!O CTeMeHb KPHCTasIMYHO- 
CTH KOMIO3HTa, ObITh IPH4acTHBIMH K OOpa30BaHHI0 
CTPYKTYpbI KPHCTAIOB MONHSTHIeCHa COBeEpLIeHHOrO 
Tua. 


V3 qaHHpix Tao. 3 BHAHO, YTO NpucyTcTBHe OOCTO 
Tuna MMT B matpnye TD/IISMA (odpasner Ne 5 
u 7) lpakTH4ecKH He CKa3bIBaeTCA Ha TeMIlepaType 


Tadsmua 3 


Temmepatypa HM TeisloTa WwIaBsIeHuA (KpucTasIH3allHH), CTCHCHb KPUCTasIIMVAGHOCTH MOJIAMeCpoB 
UM KOMIIO3HTOB Ha UX OCHOBE 


its ie 
1 BIG) 

2 TISMA 

3 TIS/MSMA 

4 II3/P-MMT 

5 TI3/MISMA/P-MMT 

6 II3/Na-MMT 


7 TI3/MISMA/Na-MMT 


c fie |) Tag % 
guia _ n a : : 
= 99.4 
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Tadsmuia 4 


Tloka3atTelb TeKYUCCTH paciijlaBa, KOKCOBOe YHCIIO, a TakKoKe TCPMUGeCKHe U orHecToHkue 
XapakTepHCTHKH NOJIMMepoB HU KOMIO3HTOB Ha HX OCHOBE 


Temmepatypa notrepu Maccpl, °C 


BO3/IyX 


341 391 446 | 458 480 


13 

TISMA 

TI3/TSMA 
113/P-MMT 
TIS/TISMA/P-MMT 
TI3/Na-MMT 


TIS/TISMA/Na-MMT 


TWaBeHHA HM KpHcTawiM3alyu. OHako BeMunHa Y 
oOpa3sna Ne 5 cHwxKaeTca Ha 3.2% OTHOCHTeIIbHO 
x oOpa3nia Ne 1 unm 7. BnoswHe BeposTHO, 4YTO Ha 3KC- 
(POMUpOBAaHHbIX YacTHIaX aIKOMOCHIMKaTa BCIeCT- 
Bie OOpa30BaHHA HOBbIX MOBepXHOCcTeli U creluduye- 
CKMX B3aHMOJecHCTBHH MexKTy aKTHBHBIMH WeHTpaMu 
ayIKOMOCHIMKaTa HW MasieHHOBbIM aHTHpHOM B 
TISMA xpuctamim3alua B MONHOHM Mepe 3aTpyqHeHa. 
B ta6n. 3 mpuBezeHbI 3HaYeHUA TeMIepaTypbl HU Terl- 
JIOTBI WWIABIICHHA, a TaKxKe TeMMepaTypbl HW TeIJIOTHI 
KPHCTasWIM3allH MOUMMepoB MH KOMIIO3HTOB Ha UX OC- 
HOBe 110 2aHHBIM JICK. 


Be3ycuOBHO, CTOHKOCTb HaHOKOMMO3HTOB K TepMO- 
OKHCIIMTCJIBHOMY CTapeHHIo OnpeyesaeTcA He TOJIbKO 
CTpyKTypoii HosMMepa, HO HM THIIOM CTpyKTyp, POpMH- 
pyempix MMT B nosmumepe. Tak, HesHaunTesIbHasd pa3- 
Ha B MOTepaX MaccbI M0 CpaBHeHHIO C HeHallOJIHeH- 
HbIM TIOJIMMepoM HabsofaeTca It MAKPOKOMIO3HTa 
coctapa II3/P-MMT (co cnaOonHTepKamMpoBaHHon 
cTpyktypoii) u coctapiaet ATs, = 3 u AT\o,%= 6°C 
(ta6n. 4). bonbu1aa pasHuia B WoTepsx MaccBI HaOJIO- 
qaetca id HaHoKomno3uta IID/IISMA/P-MMT u 
NMOJMMep-HOUMMepHou CMecH WIM MouMOTHIeHH. Yxe 
mpu 10%-Ho moTepe mMaccpi AT coctapssaet 50°C ort- 
HocntembHO TID/TISMA niu 41°C orHocutembHO T0- 
JIMSTHIeEHAa. 


Yuactok J Ha puc. 5, a, 6 (atMocdbepa — Boszyx) Ha 
kpuBbIx TI HaHokommo3uta c P-MMT 4 MuKpokom- 
mo3svta c Na-MMT noxa3piBaeT NpOOJDKMTeIBHOCTh 


a30T 


TITP, r/10 mun 
Koxkcosoe 


yucio, % 








TCPMOOKHCIHTeIbHOM eCTpykKUHH B OOaCTH TeMIre- 
patyp 250-450°C B cpaBHeHHu c HeHanOJHeHHbIMH 
nlowmMMepamu. Du3svyecKHH MexaHH3M JeHCTBHA HaHo- 
ygactun, MMT nuockoi dopmbI CBOAMTCA K IpenatcT- 
BHIO WHPy3uu Kucuopoga (puc. 5, yaactox /) B pac- 
TW1aB MouwMMepa, WePUUHT KOTOpOrO B CBOIO O4epeyb 
IIpHBOAUT K H3MeHCHHIO HallpaBsIeHHA HW 3aMe]JIeHHIO 
J{ECTPYKTHBHBIX IIpOLeccos. 


3amefieHve TupiPy3uu KucOpogza MU WpoTeKaHue pe- 
aKUMM OOppiBa Well 3aBHCHT KaK OT KOHUeHTpalMu 
aIKOMOCHJINKaTa, TaK H OT CTeMeHH 9KCoMAMN ero 
B TlosMMepe. AKTHBHad TOTepsA MacCbI 10 CpaBHeHHI0 
c ToTepe MaccbI Oa30Boro MOMMepa IIt HAaHOKOM- 
mo3uta c P-MMT mpoucxognt mpn 422.8°C (AT = 
= 91.3°C), aa MuKpoKomno3uTa c Na-MMT — mpu 
396.5°C (AT = 65°C). CormacHo qaHHbIM padoTsl [43] 
Ha paHHei cTaqWH TePMOOKHCINTeIbHOM WectpyKUMu 
IIpOMcxOgHT copOunsA paciiaBoM TouMMepa KHCcIOpo- 
Wa M3 BO3AYIMHOM Cpexbl M WHcuOKalua ero Ha aKTHB- 
HBbIX WeHTpax aiOMOcHIHKaTa. Take IeHTpbI B CBOIO 
oOYvepeyb HHMUMUpyIOT peakUHu WHciIponopuMoHNupo- 
BaHua (pa3sppipB C—H-cBa3u u oOpa30BaHue C-makpo- 
pagukana). OOpa3yloljveca MakpopayHKaJIbI B3aMMo- 
TeHCTBYIOT C KMCIIOpOOM H(MIH) pexoMOuHupyroT. B 
utTore TpoTekaHve KOHKYpHpyIOWIMx peakWHi WHcIIpo- 
NMOpUMOHHpoBaHHaA WH peKOMOMHalHN B TpHcyTcTBHu 
aIKOMOCHJIMKaTa IIPHBOAMT K CTpyKTYpHpoBaHHt0 T0- 
JiMMepa (KaK OCHOBBI JJIt (hOpMHpoOBaHHA KOKCa) B 
yYCIOBHAX y2Ke BbICOKOTeMMepaTypHOro MHMposH3a. 


1946 


Alonzoe B.B. u op. 





100 300 500 700 T 


100 300 500 700T 


Puc. 5. Kpupsre TT kommo3uTos c P-MMT (a) u Na-MMT (6). 
Am — tlotepa Maccsi (%), T— Temiepatypa (°C); To xe WIA puc. 6. 
1-119, 2— TI9/TISMA, 3 — IT3/MMT, 4 — H9/TISMA/MMT. 





100 300 


500 700 T 


Puc. 6. Kpuspie TID (/), TOMA (2), II3/P-MMT (3), TIS/TISMA/P-MMT (4). 
Ha Bpesxke kpuBete JITT nosumepos IID (/) un TOMA (2). 


Yuactok JJ, koToporo He HaOjoOgaeTca Ha KpuBEIx TT 
KOMI03HUHH, aHaJIM3HpOBaHHBIX B HHeEpTHOM aTMOo- 
ccbepe, NoKa3bIBaeT OOsIacTbh OOpa30BaHHA KOKCa, HH3- 
Koe COJepxKaHHe KOTOPOTO XapaKTepHO JIA HeHAarIOII- 
HeHHOTO MOUHITHIIeHa UH OobLIee — AJId HAHOKOMIO- 
3uTa (TaOs. 4). 


O6pa30BaHve KOKCa IIp BbICOKHX TeMMepatypax JIA 
HaHOKOMHO3nHTa Cc P-MMT HauuHaetca CpaBHUTeJIbHO 
paHbile, 4eM Id HAeHTHMYHOTO cocTaBa c Na-MMT 
(43 CPaBHUTeJIbHBIX JaHHbIx yuactKa //). [loteps mac- 
CbI B HHTepBasle Temuepatyp 450-550°C Ha qaHHOM 
yuacTKe CBA3aHa C MeJJICHHbIM OKHCJICHHeM KOKCa 
(puc. 5, Tabm. 4). 


Kak BHHO 43 JaHHbIX TaOl. 4, pa3HHIIbI B TeMIepaty- 
pax Ha HauvaJIbHbIX 3TalaxX TePMOOKHCIMTeIbHOM Je- 


ctpykuuu TI9MA u IID/TISMA ret, a 0 cpaBHeHHto 
C HeHAMOJIHCHHbIM TOIMSTHIICHOM JeCTpyKUMA Xx 
HauHHaeTcA 3aMeTHO paHbule. Kucnopog, aud@pyHaAu- 
PYIOWMMH B paciiaB WouMMepa, Ha HavaJIbHBIX 9TAMaXx 
WeCTpyKUMU HMHUWMMpyeT MpoTeKaHve peakuHii ANC- 
IIponOpuHOHHpOBaHHA HU OOpazoBaHue rHApoMepoKcu- 
JOB, KOTOPbIe B CBOIO O4epeb, pacasaicb TPH BBI- 
COKHX TeMIepaTypax, oOpa3yloT OosIee NOABMKHBIC 
HO-paguxkansi. [pu stom yBeruuenne KOHUeHTpaluu 
MOCJICHUX B MOUMMepe MPHBOZHT K yBeJIM4eHHIO CKO- 
POCTH TEPMOOKUCIMTeEIBHON WecTpykKuUHH. 


AKTHBHad TepMOJeCTpyKUMA NMOMSTHIIeHa B MHepT- 
HOW aTMocdepe HaunHaetca mpu 463°C u conpoBox- 
qaeTca OOpa30BaHHeM MCKIIIOYHTeIbHO HeOKHCIICH- 
HbIX HH3KOMOJICKYJIAPHBIX HACBIMCHHbIX HM HeHAacBI- 
IJCHHBIX yrueBoqopogzoB. Kak BugqHO v3 KpHBBIX TT 
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(pc. 6), HaHOACTHIIbI alFOMOCHIMKaTa He MposBIA- 
FOT JOJDKHOM AKTHBHOCTH B Ja@HHBbIX yCIOBMAX TepMo- 
WecTpykiun. 


JlonouHUTeMbHOe HamMuMe B CTpyKType nommmepa 
KMCHOposcoyzepKaux rpymn (kak, Hampumep, B 
TISMA) BHocuT ocobpiit Bklaq B 3apoxK ene OKHCIN- 
TeJIbHBIX Mpoieccos. Docdop B docdopcorxepxKalllem 
MOHuUKaTOpe B CBOIO O4epeAb NPMBOAUT K MHTHOH- 


POBAaHHIO payIMKaJIbHbIX peakUHit (3a CUeT CBA3bIBAHHA 
paguxanos HO’ nu HOO), mporekaromx B TomMMepe 
B OOacTH BbICOKMX Temiepatyp. MccneqoBanua no- 
Ka3bIBaroT [44], aro FecrpyKuMaA PocpoHHeBon com 
(ycKopsIolasica MO WeicTBHeM KHCJIOTHO-OCHOBHBIX 
I€HTPOB CJIOMCTOrO asIKOMOCHJIMKaTa HW OCTaTOUHBIX 
aHHOHOB caMoii cou) WpoTeKaeT c oOpa30BaHHeM 
cbocduHos u dbocdurTos Mo cxeme 


+HO- 
(CoHs)sPO + H3C~ {CH “CH, . ck s 
Po 
+HIg” /2 2 TCH; CH 


(C6Hs)3P + Hlg~\CH; CH, 








B otmmune oT ZecTpykKuMM camo commu docdonue- 
BbIM KaTHOH B MOAH@uLMpoBaHHOM MMT pas3uaraet- 
cA C OOpa30BaHHeM TIOMHMO aJIKaHOB, aJIKeHOB HU 
Tpupenuimochuna Tawxe tTpudenuimocPunoKkcusa 
[(C6Hs)3PO] u H.-anmdatu4eckux albyeruqoB. OOpa- 
30BaHHe MOCIe{HUX CBA3aHO C IIPHCyTCTBHeM HOHOB 
Fe’ u Fe” 8 MMT, KaTasIM3MpylOWMX OKMCJIMTCIBHO- 
BOCCTaHOBHTeJIbHBIC peakyHu. TakuM oOpa30M, pH 
aecTpykKuuH MoszMpuuMpoBanHoro MMT mpotekaroT 
IIpeuMylecTBeHHo peakyuu |, 2 u 4 [cxema (I)]. pu 
3TOM C PpOCTOM TeMIlepaTypbI B HHTepBarte 250—400°C 
YBCJIMYMBAeTCA KaK YHCIO H3O0MepOB, TaK HW 4HCIO 
TIPOW3BOHBIX APOMATHYECKHX H HCHACKILCHHBIX aJIH- 
(paTH4ecKHX CoeqMHeEHHM Ha PoHEe HelpepHIBHOTO 06- 
pa3opaHua (Ce6Hs)3P u (CeHs)3PO. 


B nogTBepxKqeHHe cKa3aHHoMy B Tabi. 4 mpHBOAATCA 
3HAYCHHA KOKCOBOFO 4MCIAa, MOJWYAeHHBIe MOcIe AByXx- 
MHHYTHOTO IMposH3a MOJMMepoB HW KOMIMO3HTOB Ha 
MX OCHOBe Tipu Temmepatype 850°C. OrHocnTembHO 
BbICOKHe 3Ha4YeHHA KOKCOBOrO Ynca (N0 4 u 7 Mac%) 
XapaKTepHBI JI HAHOKOMIIO3HTa H MHKPOKOMIO3HTa 
c P-MMT (o6pas3upr Ne 4 1 5). 


Tlonmm3tTuieH, Oyy4H BBICOKOMOJICKYIAPHBIM YIJIeBo- 
TMOPOOM, ABJIAeCTCA TMO%KAapOOMacHbIM MaTepHasioM. 
Topenue ero HauMHaeTca yxKe MPH KOHI[CHTpalluu Ku- 
cnopona 17-18 06% (B Bo3—yxe cosepxKaHve KUCIIO- 
poya coctapiaetT 20-21 06%) [45], Bpema 3axuraHua 
He IIpepbriiaeT 10 c, a MO MaKCHMaJIbHOM CKOpocTu 


(CHls)3P CCHS CHa 


(I) 


(CoHs)3P + HyC~ {CH3), CH; 


BbIJeIeHHA Tera mpH ropenun (800-2000 KBr-m ’) 
NOJHMSTHICH ABIAeCTCA OHM v3 THaMpyroux [33, 
46] cpequ OonbuiMHcTBa TomMMepos. HanomHeHHe 
TOUMSTHIeHa MHHepasIbHbIMH aHTHMIMpeHamMu Tuna 
Mg(OH)>, AlL,O3:3H,O, ZnO-B,03:H,O, coyep7KaHiHe 
KOTOPBIX MOxKeT WocTuraTs 60-80, a uHorga u Ooree 
100 mac% (mpw4eM HIDKe yKa3aHHbIx KOHIeHTpalnit 
KMCJIOPOAHbIM MHAeKC He TpeBbiuiaeT 20 00%), 103B0- 
wideT MOBbIcHTb KM matepuana fo 25-27 006% B 
yllepO OCTasIbHBIM ero cBolicTBam [47-49]. Ucnom- 
30BaHve Ooee 9ddeKTHBHBIX, HO B TO 2%Ke BpeMA U 
TOKCHYHBIX, TaOuUACONepxKallNxX AHTHIMMpeHOB, Ha- 
lIpuMep jeKkaOpomynpenusokcuya, XJOpHpoBaHHoro 
TlapauHa, WIM COBMeCTHOe HX HCIIOIb30BaHHe C Co- 
eMHeHHAMU CypbMbI Sb(IID) u Sb(V) B kKayecTBe cu- 
Hepructos [50, 51] mpuBoguT K pucKy oTpaBieHna 
TIpOAYKTaMH UX eCTPyKUMU Kak B TIpolecce mepepa- 
OOTKH, Tak H B TIpolecce ropeHuA HallosHeHHOTO Ma- 
Tepuasa [52]. 


MOoHTMOpHJIOHHT 3apeKOMeHAOBaI ceOa Kak JOCTYII- 
HbIM H HeAOporoM HaTHBHBI HanOWHHTeb UM AHTHIH- 
pen [53] @usnueckoro npuHuuna elicrBus. Dopmu- 
PyeMbIM B Mpolecce 9KCTpy3HOHHOTO CMeIIeHHs OII- 
pedeleHHbI THM CTpykTypbI B HaHoKomuo3nte ITD/ 
MMT oxaspiBaeT onmpeyeyIeHHoe BIIMAHHe Ha TerVIO- 
Bol OaylaHc mpouecca ropenua. IIpu 9ToM TosMMep- 
HbIM MaTepHasl, OOaTalolWlMi MOBbILIeHHOM TepMocTa- 
OWJIBHOCTBIO, COMPOTHBIIACTCA BOSTOpaHHIO 3HauH- 


1948 


TeyIbHO ombUIe. JIi NOBbINIeHHA OFHeECTOMKOCTU 
KOMII03HTOB MOHTMOPHJJIOHUT Ob OOpadoTaH (boc- 
(bopcoyxepxKalllMM MOAMMUKaTOpOM, KOHI[eHTpallua Ko- 
Toporo B P-MMT cocrapnana 29 mac% vu 0.8 Mac% 
B KOMIO3HTe. OOpa3yloliMecad B pe3yJIbTaTe TepMosIe- 
cTpykiMu coequHeHua cbocdopa [(CsHs)3PO, (C6Hs)3P] 
pa3ulararoTca B 30He MMposM3a C OOpa30BaHHeM aKTHB- 
HBIX 4acTHI, TuMa Pr, PO, PO (B MeHbIeH cTreneHu 
P u HPO) no cxeme 


P+ HOO’ — PO, + H, 
P+HO — PO'+ H, 
HO’ + PO’ > HPO'+ 0, 
HPO +H — H2+ PO. 


PayukasIbl TakorO THIMa WrpakOT pOsJIb MpeHMylilect- 
BeHHO B lipeamuamMeHHor 30He [54]. 


B Taos. 4 NpHBexeHbI pe3yILTAaTbI MCIIbITAaHHH cocTa- 
BOB MeTOJOM KHCOposzHOoro HHAeKca (KV) u mo mapa- 
MeTpy CKOpocTH pacipoctpaHeHua mWiameHu v. Tak, 
noka3atemb KV mukpokomno3ntos c Na-MMT nou 
P-MMT cpasuyM c noKka3atenem KM HeHanouHeHHO- 
TO NouMeTHIeHa. OFHAKO HAaHOKOMMO3HT BCJIeACTBHe 
oOpa30BaHHa HHTepKasIMpoBaHHOn VW 9KCPoOMMUpOBAH- 
HOW CTPyKTyp XapakTepH3yeTCA 3aMeJJICHHbIM Trope- 
HHeM (cpaBHHTb 3HayeHHaA v oOpa3noB Ne 3 u 7 c 
Ne 5). [pu 9TOM cpaBHUTeIbHO BbICOKHM MOKa3aTesb 
KVM (20 06%) xapaktepeH JJIf HaHOKOMMO3HTAa Cc 
P-MMT ua ocHose nowMMep-nouHMMepHon cMecn. OT- 
MCTHM, 4TO OpraHOMOHTMOpHIOHNT (MOgzMduKaTop 
B KOTOpOM OoJlee TepMocaOMJIeH 10 CpaBHeHHIO C aM- 
MOHHMHBIMM COJIMM WH CKIIOHCH K MHTMOupoBaHHto 
ropenua [19, 55]), Oyay4uH CHHeprucToM B co“eTaHHH 
c Oe3rasIOMAHBIMM aHTHIIMpeHaMH, MO3BOIIAeT JOOUTE- 
CA CYIJCCTBCHHOFO MOBbILMCHHA OTHECTOMKOCTH TOIH- 
9THIeHa [56-58]. 


Iloka3aTemb TekyyecTH pacrmaBpa (IITP) muKpoKkom- 
m03HTOB Ne 4 u 6 He oTmMYaetca OT IITP HenanonmHeH- 
Horo moyMMepa. 13-3a aqresHOHHbIxX B3anMoelcTBui 
(YCHJIMBaFOINIHXca C YyBeIM4eHHeM cCTeHeHU 3KCpo- 
mMalMu BCe_CTBHe OOpa30BaHHA BbICOKOpa3BUTOH 
Ye€IbHOM MOBepXHOCTH) Me%Ky MaJIeHHOBbIM aHrHy- 
PHAOM, IPWBUTbIM K ToMMepy, HW aKTHBHbIMM ICH- 
TpaMH COWCTOrO asIIOMOCHIMKaTa, a Tako%Ke 13-3a 
OPpHeHTallHu YacTHI, B OObemMe NomMMepa [59] HaOsO- 
faetca cHwxKeHHe IITP u yBesMueHHe BaA3KOCTH pac- 
liaBa Kak Jia Oa3o0Boro coctaBa IID/IISMA, tak u 
id HaHOKoMMo3uTa c P-MMT uw MHKpOKOMHO3HTAa C 
Na-MMT (ra6n. 4, o6pa3npr Ne 3, 5 u 7). CHwxeHue 


Alonzoe B.B. u op. 


TITP tawxe oOycOBIeHO BbICOKOM BA3KOCTbIO pac- 
tapa camoro IIDMA, sBpicokoe (0 45 Mac%) cozep- 
2KaHHe MasIeHHOBOTO aHTH Apa B KOTOPOM IpHBOAHT 
K YBeJIMYCHHIO 4HCIIa 3alleMieHHii MaKpOMOJIeKyJI B 
oObeme [60]. [lepepadorka Takux COcTaBOB MOKeT 
OCYIJCCTBIATLCA MeTOAaMH TIpeccoBaHHaA WIM IKCTpy- 
3nen. 


BbIBObI 


1. MWopmMupoBaHHe HaHOKOMMO3HTOB Ha OCHOBe JIH- 
HeHMHOFO NOMMSTHIICHa C MOHTMOPHJIIOHHTOM HaHOctT- 
PYKTypHOH MopdosornH oMmpeyzemsetca HasM4HeM 
KOMMaTHOMIH3aTOpa B KOMIO3HTe H MOAHUKaTOpa B 
MOHTMOPWJIOHUTE. 


2. OnpeyeneHHbiit THI HaHOCTpyKTypbl KayecTBeH- 
HbIM OOpa30M BIIMAeCT Ha OapbepHEle, yupyronupouHo- 
CTHBI€, TepMHYecKHe HM OFHeCTOMKHe XapakTepHCTHKU 
TloIMMepa. 


3. BbiapieHo, 4TO HHTepKaMpoBaHHas Mu 9KCcomMH- 
POBaHHasd CTPyKTypbl, (OPMUpyeMble CIOMCTHIM alI1O- 
MOCHJINKATOM B IIpolecce CMeIIeHHA, OKa3bIBaIOT pa3- 
JIM4HOe BIIMAHMe Ha COpOMMOHHbIe HW TepMOOKHCIH- 
TeIbHbIM mpotecchr. HaHouacTulbl altoMocuiuKata 
cHocoOcTByIOT OOpa30BaHHIO KOKCa MW 3aMeJWICHHIO 
CKOPOCTH MIPOHHKHOBeCHHA Tela HM ra3a B MouMMep, 
YTO IIPHBOHT K 3AMeNJICHHIO ero ropeHHaA. 


ABTOPbI BbIpaxKakOT HCKPCHHIOIO OIarONapHOCTb KOII- 
meram “3 Uncrutyta xumuu AH KHP (Ilexun) — mpo- 
dbeccopy 41.Munury (Y.Mingshu) u goxtopy B.Deny 
(W.Feng) 3a oka3aHHoe CoyelcTBHe B padoTe HM MOcTO- 
sHHOe BHHMAaHHe. 


Crmcok JImTepatypbl 


[1] Pozeneapm MU., Boronoea I.M., Ucaeyaany IB. // 
Ycnexu xumunu. 1988. Baim. 2. T. 57. C. 204-227. 

[2] Okada A., Kawasumi M., Usuki A. et al. // Mater. Res. 
Soc. Symp. Proc. 1990. V. 171. P. 45-50. 

[3] Usuki A., Kojima Y., Okada A. et al. // J. Mater. Res. 
1993. V. 8. P. 1174-1179. 

[4] Kojima Y., Usuki A. et al. // J. Polym. Sci. Part A. 
1993. V. 31. P. 1755-1758. 

[5] Vaia R.A., Ishii H., Giannelis E.P. // Chem. Mater. 
1993. V. 5. P. 1694-1696. 

[6] Giannelis E.P. // Adv. Mater. 1996. V. 8. P. 29-35. 

[7] Giannelis E.P. // Appl. Organomet. Chem. 1998. 
V. 12. P. 675-680. 

[8] Giannelis E.P., Krishnamoorti R., Manias E. // Adv. 
Polym. Sci. 1999. V. 138. P. 107-147. 

[9] LeBaron P.C., Wang Z., Pinnavaia T.J. // Appl. Clay 
Sci. 1999. V. 15. P. 11-29. 

[10] Vaia R.A., Price G., Ruth P.N. et al. // Appl. Clay Sci. 

1999. V. 15. P. 67-92. 


Ynpyzonpounocmubie, 6apbepuoie, mepmuyeckue U O2HEcmotKUe Ceolicmea HAaHOKOMNO3UMOB 1949 


[11] Biswas M., Sinha Ray S. // Adv. Polym. Sci. 2001. 
V. 155. P. 167-221. 

[12] Sinha Ray S., Okamoto M. // Prog. Polym. Sci. 2003. 
V. 28. P. 1539-1641. 

[13] Okamoto M. // Mater. Sci. Tech. 2006. V. 22. N 7. 
P. 756-779. 

[14] Fischer H. // Mater. Sci. Eng. C. 2003. V. 23. P. 763- 
T2 

[15] Wang Y., Chen F.-B., Wu K.-C. // J. Appl. Polym. Sci. 
2005. V. 97. N 4. P. 1667-1680. 

[16] Wang K.H., Choi M.H., Koo Ch.M. et al. // Polymer. 
2001. V. 42. P. 9819-9826. 

[17] Durmus A., Woo M., Kasgoz A. et al. // Macromol. 
Nanotech. 2007. V. 43. P. 3737-3749. 

[18] Mehrabzadeh M., Kamal M.R. // Polym. Eng. Sci. 
2004. V. 44. N 6. P. 1152-1161. 

[19] Leszczynska A., Njuguna J., Pielichowski K., Banerjee 
J.R. // Thermochim. Acta. 2007. V. 453. P. 75-96. 

[20] Stoeffler K., Lafleur P.G., Denault J. // Polym. Eng. 
Sci. 2008. V. 48. N 8. P. 1449-1466. 

[21] Xiao W., Zhan M., Li Z. // Mater. Des. 2003. V. 24. 
N 6. P. 455-462. 

[22] Moraru V.N. // Appl. Clay Sci. 2001. V. 19. P. 11-26. 

[23] Pozsgay A., Frater T., Szazdi L. et al. // Eur. Polym. J. 
2004. V. 40. P. 27-36. 

[24] baxoe ®.H. PopmupoBanue opraHodVIbHbIX cIIOeB 
ya Na’-MOHTMOpMJIIOHUTe HM BIIMAHWe HX CTpyKTypbl 
Ha COBMECTHMOCTb HOMONedUHOB C HamloJIHuTeIeM 
B HaHoKomno3HtTax: ABToped. Kany. guc. M., 2007. 
24 ¢. 

[25] Lyatskaya Y., Balazs A.C. // Macromolecules. 1998. 
V. 31. P. 6676-6680. 

[26] Balazs A.C., Singh C., Zhulina E., Lyatskaya Y. // Acc. 
Chem. Res. 1999. V. 32. P. 651-657. 

[27] Ginzburg V.V., Balazs A.C. // Macromolecules. 1999. 
V. 32. P. 5681-5688. 

[28] Ginzburg V.V., Singh C., Balazs A.C. // Macromole- 
cules. 2000. V. 33. P. 1089-1099. 

[29] Ginzburg V.V. // Macromolecules. 2005. V. 38. 
P. 2362-2367. 

[30] Morawiec J., Powlak A., Slouf M. et al. // Eur. Polym. 
J. 2005. V. 41. P. 1115-1122. 

[31] Hotta S., Paul D.R. // Polymer. 2004. V. 45. P. 7639- 
7654. 

[32] Zhao C., Qin H., Gong F. et al. // Polym. Degrad. Stab. 
2005. V. 87. P. 183-189. 

[33] Zhang J., Wilkie Ch.A. // Polym. Degrad. Stab. 2003. 
V. 80. P. 163-169. 

[34] loneos B.B., Awypoe H.P., Cadvixoe III’... Vcmanoea 
MM. // Y30ex. xum. #*xypH. 2012. Ne 2. C. 30-34. 

[35] lonzoe B.B., Awypoe H.P., Cadvixoe III’... Vcmanoea 
MM. // Y30ex. xum. *xypH. 2012. No 1. C. 3-6. 


[36] Tolle T.B., Anderson D.P. // Compos. Sci. Tech. 2002. 
V. 62. P. 1033-1041. 

[37] Ashurov N.R., Sadykov Sh.G., Dolgov V.V. // Polym. 
Sci. Ser. A. 2012. V. 54. N 9. P. 724-729. 

[38] Arunvisut S., Phummanee S., Somwangthanaroj A. // J. 
Appl. Polym. Sci. 2007. V. 106. P. 2210-2217. 

[39] Gorrasi G., Tortora M., Vittoria V. et al. // Polymer. 
2003. V. 44. 3679-3685. 

[40] Koeaneea H.FO., Bpeeuoe I1.H., Ipunee BI. u op. // 
Bricokomosiexysap. coequHenua. 2004. T. 46A. Ne 6. 
C. 1-7. 

[41] Peumaunzep C.A. TponutaemoctTs NosMMepHbIx MaTe- 
puanos. M.: Xumua, 1974. 272 c. 

[42] Bepwmeun B.A., Ezeopoe B.M. uddepenumanpyas 
cKaHupylollad KaslopHMetpua B (pu3MKOXHMHH TOH- 
Mepos. JI.: Xumua, 1990. 256 c. 

[43] Hoeoxwonoea JI.A., Bpeenoe I1.H., Tpunee BI. u op. 
// Poc. HanotexHom. 2008. T. 3. Ne 5-6. C. 136-149. 

[44] Xie W., Xie R., Pan W.-P. et al. // Chem. Mater. 2002. 
V. 14. P. 4837-4845. 

[45] Vasile C., Pascu M. Practical Guide to Polyethylene. 
Smithers Rapra Press, Shawbury, 2008. 188 p. 

[46] Wang S., Hu Y., Zhongkai Q. et al. // Mater. Lett. 2003. 
V. 57. P. 2675-2678. 

[47] Yeh J.T., Yang H.M., Huang S.S. // Polym. Degrad. 
Stab. 1995. V. 50. P. 229-234. 

[48] Yeh J.T., Yang M.J., Hsieh S.H. // Polym. Degrad. 
Stab. 1998. V. 61. P. 465-472. 

[49] Zhang X., Guo F., Chen J. et al. // Polym. Degrad. 
Stab. 2005. V. 87. P. 411-418. 

[50] Ka3sumoea TI., Babaee P.C., Torcaqgapoe A.C., Mame- 
do6a J.C. // Unact. Macca. 1977. Ne 12. C. 38. 

[51] Meshkova I.N., Petrosyan AJ., Lalayan V.M., Dub- 
nikova IL. // Polym. Sci. 2008. Ser. B. V. 50. N 5. 
P. 111-116. 

[52] Ebert J., Bahadir M. // Environment Int. 2003. V. 29. 
P. 711-716. 

[53] Laoutid F., Bonnaud L., Alexandre M. et al. // Mater. 
Sci. Eng. R. 2009. V. 63. P. 100-125. 

[54] Hastie JW. // Res. Nat. Bur. Stand. A. 1973. V. 77. 
N 6. P. 733-754. 

[55] Huang G., Li Y., Han L. et al. // Appl. Clay Sci. 2011. 
V. 51. P. 360-365. 

[56] Chang Z.-H., Guo F., Chen J.-F. et al. // Polymer. 
2007. V. 48. P. 2892-2900. 

[57] Zhang J., Jiang D.D., Wilkie Ch.A. // Polym. Degrad. 
Stab. 2006. V. 91. P. 298-304. 

[58] Zhang J., Wilkie Ch.A. // Polym. Adv. Technol. 2005. 
V. 16. P. 549-553. 

[59] Drozdov A.D., Jensen E.A., Christiansen J. de C. // 
Comput. Mat. Sci. 2008. V. 43. P. 1027-1035. 

[60] Gaylord N.G., Mehta R., Mohan D.R., Kumar V. // J. 
Appl. Polym. Sci. 1992. V. 44. P. 1941-1949. 


